Aspartame (APM) or L-aspartyl-L-phenylalanine methyl ester, a common artificial non-saccharide sweetener used as a sugar substitute in many foods and beverages, has shown some side effects on consumers. The objective of the present study is to study the acute impact of various doses of daily ingestion of APM on blood parameters of mice. Sixty healthy 3 months old male mice raised in the departmental animal house were divided into five groups i.e. the control were fed normal diet and tap water, while other 4 groups (12 each) were daily orally fed with 1 mL of either 40, 500, 1000 or 1500 mg/Kg b wt, dissolved in distilled water using gavages for consecutive 5 weeks. Fresh blood samples collected directly from the heart at dissection were subjected to complete blood counting (CBC) using automated blood analyzer (Cell DYN-1700) in addition to manual differential Leucocytes (WBC) counting. There has been a significant increase (p ≤ 0.01) in WBC counts starting from the lowest dose (40 mg/Kg•b•wt); significant decrease (p ≤ 0.01) in both Hemoglobin percentages (Hb%) and in Lymphocyte percentages (p ≤ 0.004) in comparison with control. It is concluded that the ingestion of aspartame using the above doses has acute impact and is not dose-dependent on blood parameters which could exert further, on the long run, health risks on to other tissues of consumers.
enables a sharp reduction in sugar consumption and a significant decrease in caloric intake meanwhile maintaining the desirable palatability of foods and soft drinks [1] [2] . Since the discovery of Aspartame in 1965, many studies carried out both on humans and animals showed a considerable controversy regarding its safety for human consumption including possible neurologic and behavioral side effects. Studies have shown that more than half of the populations prefer artificially sweetened food stuffs perhaps to avoid putting weight on [3] . Concerns relating to the possible adverse effects have been raised due to aspartame's metabolic components produced during its breakdown, namely phenylalanine (Phe), aspartic acid (aspartate), diketopiperazine (DKP) and methanol [4] . The APM, is produced commercially from the methyl ester of two amino acids:
L-aspartic and L-phenylalanine methyl-ester which build the chemical structure of the aspartame [5] . The APM, nearly 200 times as sweet as sucrose with virtually no calories has since 1981 received approval for safe consumer use by the Food and Drug Administration (FDA) [6] . The American Dietetic Association [7] have numerous studies, in which they challenged the safety of APM consumption. The accepted daily recommended amount by the FDA is 50 mg/Kg body weight/day while the accepted or/and approved daily dose by the World Health Organization (WHO) is 40 mg/kg/day [8] [9] . Its main impurity, chemical and physical properties are detailed in other studies [10] .
After entering the body, the components of aspartame are promptly released within the upper gastrointestinal tract (GIT) by enzymatic action. They then are transported across the wall of the small bowel and finally enter into the general circulation [11] . Methanol is hydrolyzed in the intestinal lumen with transport of the aspartylphenylalanine dipeptide into mucosal cells, where it is metabolized to aspartate and phenylalanine. Methanol accounts for approximately 10% of aspartame in terms of weight which is metabolized into formaldehyde, formic acid and CO 2 which are then absorbed into the systemic circulation. Aspartame may also be absorbed by intestinal mucosal cells where it is hydrolyzed to its components, which are then absorbed into the systemic circulation [12] . Accordingly, the first tissue to be affected by these chemicals would be the blood. Further safety studies included acute bolus doses, repeated doses, administration in capsules to evaluate the appropriateness of capsules as a dosage form in blinded clinical studies, and aspartame ingested with meals. Long-term dosing safety studies have also been extensively reviewed [13] . However, there are supporters and opponents about credibility of aspartame's use. In human, aspartame ingestion for three days at a dose of 24 -48 mg/day showed that acute administration of aspartame has no influence on plasma glucose or insulin levels in diabetic rats and in patients with non-insulin-dependent diabetes mellitus [14] . While several researches involve various effects of aspartame from different prospects do exert relatively real risks on health; although contradicting, nevertheless, ASP is still in use. The hemostasis of the blood parameters can play an integral part in the normal functioning of any human being as well as animals. A wide variety of different animal models (mouse, rat, guinea pig, rabbits, pigs and monkeys) have [16] . The CBC can be used by so many doctors as an indicator to check the body health at hospitals as well as by the scientists. The CBC, used to assess the effects of Diesel inhalation on Guinea pigs health was found to be a very useful and a practical tool [17] .
The APM is widely used in the Mediterranean countries particularly amongst diabetics while its adverse effects is still in debate and there scanty studies to shed light on the acute impact of the APM on the health. Taking the accepted daily intake of aspartame, as approved by the FDA into account, the present study planned to distinguish the effects of aspartame at four doses, 40 mg/kg, 500 mg/kg, 1000 mg/Kg and 1500 mg/kg aspartame body weight as short-term (acute) effects of aspartame ingestion on the complete blood counts as a tool for evaluation.
Materials and Methods
The APM was ordered commercially from Japanese Company, Tokyo Chemical 
Blood Analysis
Blood sample of 2 -3 mL per animal were collected in EDTA (ethylenediaminetetraacetic acid) contained ampoules and were shaken to avoid coagulation.
They were analyzed both manually and/or mechanically using automated analyzer (Cell DYN-1700). Blood smears were prepared using fresh clean glass slides and stained with either Giemsa stain for differential counting using Olympus light microscopy.
Complete Blood Counting (CBC)
The blood samples were placed on a rack in the analyzer, a rotator machine 
Differential Counting of WBCs (Manually)
The automated CBC machine had failed to differentially count the WBCs except the Lymphocytes which were predominant; however, a manual counting was carried out instead. A combined Wright-Giemsa stain (10 and 20 minutes respectively) was utilized for staining the blood smears [18] . The stained smears were then used for differential counting of leukocytes using oil immersion lens (×100) by a drop of mustard oil. Counting was continued horizontally until a hundred leukocytes were distinguished. The number of zones was counted till a hundred leukocytes were distinguished.
Experimental Protocol
Sixty Swiss Webster adult healthy male mice aged 3 months have been raised at the "Departmental Animal House" were divided into five groups (G1-G5) each had around 20 ± 2 gm b wt at the beginning of the experiments with all doses were calculated accurately and served accordingly. The first group was served as an untreated or control group (G1) while other four experimental groups (G2-G5) were treated with four doses: 40 mg/kg, 500 mg/kg, 1000 mg/Kg and 1500 mg/kg aspartame body weight. All animals were given an oral dose of the aspartame on daily basis (between 10 -12 am) via gavages using stomach tube.
These experiments were performed in accordance with standard animal welfare guideline and the Islamic legislation permission was obtained from the Ethnic Committee.
Data Analysis
Two ways ANOVA biostatistics program was used to analyze the data for comparison purposes against the control data and the significant differences were counted for probability test expressed as p ≤ 0.05 or higher. Details are cited at table legends as appropriate. 
Results

Complete Blood Counting (CBC)
Differential Counting and Morphology of WBCs
The manual counting was carried out instead of automated and details are shown in Table 2 . The differential counting of WBC in control mice was compatible to those of standard CBC of mice. Generally, the WBCs in mice are much smaller in size than other experimental animals i.e. rats and Guinea pigs. group mice. These small cells had caused some confusion in differential counting of WBC in verifying between Neutrophils and lymphocytes.
Both Basophils and Eosinophils in mice blood were so rare and could hardly be recognized in comparison with human and other higher mammals. They had slightly bigger size than the Neutrophils (10.2 ± 1.5 um in diameter). Verification of these two leukocyte types was not easy task to differentiate in both control and aspartame treated mice. Occasionally, some small, slightly bigger than the Lymphocytes (7.5 ± 1.0 um), perhaps, were detectable from their bi-lobed nuclei with only difference in the colour of cytoplasm. These cells were considered as either small Basophils or Eosinophils relevant to the color (blue or right, respectively) of the cytoplasmic granules. The percentages of both Basophils and the Eosinophils scored 0% -5% which were fluctuating but within the standard ranges of mice. Blood platelets, on the other hand, showed no significant changes although were easily detectable in all blood smears. Their counts were around the standard records of the mice.
Discussion
All mice encountered in these experiments were from the same batch, healthy males and same age to guarantee an unbiased interpretation of the results. The protocol and the technique of oral administration of aspartame approved to be successful throughout the 5 weeks experiments due to no mortality incidents. specific reason for such aggression is unclear at this stage the only interpretation could therefore, be attributed to an accumulative effects of this dose might have provoked raise the blood pressure or/and induced an increase in adrenal gland activity leading to secretion of cortisone which is in concomitant with an earlier study [19] . The actual etiology of such aggressiveness could be further explored via biochemical-behavioral studies which is beyond the scope of this research.
Since 1965 many studies conducted worldwide to approve its safety are still conflicting leading to two different opposing schools where one with safety consumption of the APM while another against. However, the latter is governed by two main factors i.e. the various scenarios in which these researches are conducted and the commercial greed by the manufactures who make a fortune every
year. Nevertheless, it has been announced safe and recommended by doctors to the diabetics at every part of the world. It is almost an impossible deal nowadays to follow a diet completely free of sweeteners and/or other additives [1] . From industrial purposes, additives have become inevitably a must to extend shelf life and to improve flavour, colour and texture or sweeten food which include antioxidants, preservatives, stabilizers, colorants, flavours, emulsifiers and sweeteners [20] . Fortunately, APM is mostly used in uncooked foods as the cooking, otherwise any elevation in temperature or extremes of pH, have shown changes in the chemical structure and composition of its three components leading changes in their consequent effects via converting the esterified di-peptide, non-enzymatically into a variety of decomposed products [21] . The risk to the health, therefore, generates from metabolites of the APM in the upper GIT into the amino acids aspartic acid (Asp), phenylalanine (Phe) and methanol which will be absorbed and hydrolyzed to its components, transported across the wall of the small bowel and finally into the general systemic circulation [22] . The Asp is mostly eliminated through the lungs in the form of CO 2 and some of the Phe formed is excreted in the form of CO 2 too where most of it is incorporated into the pool of amino acids and contributes to protein synthesis. Therefore, the first line of impact to the health of these metabolites will imply the blood parameters which could be detected by the CBC test. Accordingly, health condition, could well be assessed by the deviation of its parameters than the normal. Earlier studies on seven infant monkeys given APM with milk showed that the high dose group did not consume the intended levels of APM leading to conclusion that the high-dose group actually ingested approximately as much APM as the medium-dose group [23] . Luckily, this may indicate that the body has the capacity to absorb a certain limit of APM dose while higher doses may be discharged in certain way off the body or/and render, harmless.
The general records of blood parameters in this research are similar to the standard records documented in other references indicating both reliability and accuracy of the CBC counting of this work. The various haematological disorders manifested in this work ranged between none-significant to highly significant. The actual effects of APM on blood which circulates the nutrition and oxygen to all body tissues would therefore be feasible to consider throughout the changes of its components. Some haematological disorders have been attributed to the prevention of RBC synthesis via inhibition of erythropoeisis in the bone marrow with the resultant development of anemia [24] .
The sizes of WBCs of mice, in general, are much smaller than other laboratory animals i.e. rats, Guinea pigs and rabbits [17] [25] . Their sizes seem to be proportional, to certain extend, with the size of animals. Such small size of mice might have, inevitably, confused the automated analyzing machine in differentiating the leucocytes while accidental mistakes at manual counting might be undeniable.
The total frequency of WBC had significantly increased in all four doses of APM before settling almost, at higher doses. Their frequency in the blood are often indicative to diseases [26] [27] while elevation is considered to be a sharp indication of the state of immune system in response to any foreign invader into the body [28] [29] . Elevation in total number of WBC can often occur due to various microbial infections, cancer, or drug intake; however, "leucocytosis" after eating a large meal or experiencing stresses has also been detected [30] [31] .
Thus the elevation of WBC in the experimental mice might be due to recognition of the APM metabolites by the immune system as foreign bodies.
The mean percentage of lymphocyte was within the standard limits of mice indicating no effects of APM doses on lymphocyte populations. Accordingly, it is unlikely to relate any blood disorder i.e. lymphobia due to the action of APM on blood. This result is on contrary to other studies on human of which both attributed it to a possible development of leukemia (lymphobia) [4] [32] . The variations in size of Monocytes could have caused a little confusion in the differential counting leading to some unexpected numerical error. A few Monocyte appeared with extra dense spherical bodies inside the cytoplasm denoting a new type of Monocytes specific to mice. This type of WBCs is similar to Foa Karloff cells being described for Guinea pigs and rabbits [25] and Guinea pigs [17] . It might not, therefore, be wrong to assume the equivalency of these leucocytes in mice to Fao Karloff cells of Guinea pigs and rabbits. The nuclei of Monocytes appeared with both darker and lighter which is not described in previous works involved the mice blood. Some Monocytes had developed vacuoles in their cytoplasm as well as in the nucleus and/or lost the cellular membranes while others had amorphous particularly at higher dose of APM in comparison with the control animals. This is a clear sign of APM action on this type of WBCs in all doses being used indicating their susceptibility to APM than other types. Such changes have already been explored by a cytological study using TEM (Unpublished data).
There are many possible interpretations for an abnormal raise in Neutrophil count at the highest dose e.g. more than 8000 is considered to be abnormally high i.e. a high level of stress; sudden infection from bacteria, burn injuries and a heart attack; sudden kidney failure, eclampsia, cancer spreading in the body [33] . The significant increase in the proportion of Neutrophils in this study could only be attributed to the provoked immune system which was triggered by the [34] .
No effect on erythrocytes (RBC) number in all doses of treated bloods in comparison with control was recorded in this study. This result is in concomitant with other studies which showed a little effects of APM and glutamate on RBC concentration nor to plasma following ingestion of APM plus Monosodium L-glutamate in human [35] [36] while low doses exerted no harm to membrane enzyme activity, but high dose did [37] . However, such a promising outcome indicates the fact that the administration of lower doses of APM may be safer than higher doses. In this research the activity of membrane enzyme was not measured as it is out of scope of the protocol.
The APM treated mice revealed a significant decline in hemoglobin percentages which clinically refers to blood disorder e.g. destruction of RBC [hemolysis] leading to anemia [28] [38] . The drop in Hb% might therefore be attributed to the effects of APM metabolites i.e. methanol which breaks down the protein bond of haemoglobin [39] . Such a drop in Hb% does raise some clinical questions to be further addressed by hematologists regarding the mechanism of action of APM on blood components and its consequence. This study involved the short-term of low and high dose effects of APM on blood mice. Therefore, the current results may indicate the early effects of the APM on some blood parameter while further harms on other blood components may be expected on the long-term.
Conclusion
It is concluded the impact of APM, has acute, direct and various side effects on blood components which seem to be non-dose dependant but could indicate health risk on the long run depending on a few factors. Perhaps further experiments i.e. long-term experiments are required to study the destructive effects of APM on these two vital tissues in the body.
